BP, biomass burning generally decreased to present across the Neotropics, with multi-centennial periods of high fire activity (e.g., 6 to 5 cal ka BP and ca. 2 cal ka BP) embedded in these long-term trends. Remarkably, records from the wettest regions of Amazonia (e.g., Lake Pata and Consuelo; Fig. 1 ) have no charcoal, suggesting that they remained fire-free over the last 21 ka. In contrast, Neotropical regions with high seasonality (e.g., Carajas, Brazil; Fig. 1 ) experienced more fires in the early to middle Holocene, when savanna replaced evergreen forest (Absy et al., 1991) .
Neotropical ecosystems have experienced significant variability in biomass burning since the LGM but additional high-resolution charcoal records are needed to better establish regional fire-frequency trends. Simulating past changes in fire regimes with global and regional Earth System models will help assess the ability of these models to predict future changes in Neotropical fire regimes. Furthermore, studies of fire history from the tropics are highly relevant to issues of climate change and biodiversity conservation and can contribute to the development of appropriate fire-management policies (Horn and Kappelle, 2009 ).
Index and the Antarctic Oscillation Index (Garreaud et al., 2009; Villalba, 2007) (Fig.  1) . During the positive (or warm) phase of ENSO, the southeastern Pacific subtropical high-pressure system weakens, allowing an equatorward deflection of the SWW to ~30°S. In conjunction with the development of an anomalously warm pool in the southeastern Pacific, this induces warm dry conditions in the mid latitudes (40-50°S) of western Patagonia, which promotes fire. During the positive phase of SAM, a low atmospheric pressure anomaly develops over Antarctica shifting the circumpolar vortex and subtropical highpressure system south and deflecting the SWW to 50-60°S. The result is dry conditions conducive for fires between 35-43°S. In addition, a positive SAM is correlated with a warm South Atlantic sea-surface pool that further enhances positive temperature anomalies over the mid-latitude eastern flanks of the Andes. (Kitzberger et al., 2007) . The complexity of climate drivers at different spatial and temporal scales argues for the need for a dense network of high-resolution paleofire reconstructions on both Andean flanks between 38-55°S.
Charcoal records
The first charcoal-based fire histories in SSA were described by Calvin Heusser in Chile (Heusser, 1983) and Vera Markgraf in Argentina (Markgraf, 1983) . Since then, fire history has been studied in many regions and most researchers suggest strong linkages between fire and climate, with human influences being more localized (e.g., Markgraf, 1993; Heusser, 1994; Heusser et al., 1999; Moreno, 2000; Huber and Markgraf, 2003; Haberle and Bennett, 2004; Whitlock et al., 2006; Markgraf et al., 2007; Abarzúa and Moreno, 2008) . Regional syntheses of charcoal records have identified conspicuous multi-millennial trends in paleofire activity ( Fig. 2 ) with low abundance of charcoal prior to 14 cal ka BP, an increase Science Highlights: Paleofire Lake and River Districts (39-43°S; 1972 -2005 , CONAF, 2010 in relation to winter MEI. D) annual forest area burned in the Argentinean Lake District (39-43°S, 1978 District (39-43°S, -2004 Administración de Parques Nacionales, unpublished data) and spring AAO (r=0.52 and r=051, respectively, P<0.01 to prominent charcoal maxima from 12-11.5 to 10.5-8 cal ka BP, followed by a persistent decline between 8 and 3.5 ka and a steady increase toward preindustrial values (Power et al., 2008) . A spatio-temporal analysis of paleofire activity south of 35°S revealed widespread high fire activity between 12-9.5 cal ka BP, followed by latitudinal differentiation of fire activity between 9.5-6 cal ka BP and a heterogeneous fire pattern after 6 cal ka BP (Whitlock et al., 2007) . These broad patterns suggest that insolation-driven changes in atmospheric circulation (i.e., variations in strength of the SWW and the southeastern Pacific subtropical high-pressure system) and the onset and strengthening of ENSO (Fig. 2) were drivers of regional paleofire activity, as well as vegetation change and renewed glaciation in the southern Andes (Moy et al., 2002; Huber et al., 2004; Moreno, 2004; Whitlock et al., 2006; Moreno et al., 2010) .
Figure 1: Correlation fields between (A) spring-summer Multivariate El Niño Southern Oscillation Index (MEI) and (B) Antarctic Oscillation Index (AAOI) with the 300 hPa zonal wind (NCEP Reanalysis). Blue-violet fields indicate reduction (enhancement of westerly flow) during positive (negative) phases of the indices and vice versa for orange-red fields. C) Annual forest area burned in the Chilean
Comparisons of high-resolution charcoal records provide insights into decadal and longer variations in fire activity, including a separation of local fire events from regional fire activity. Figure 2 shows three Holocene charcoal records from the lake districts of southern Chile and Argentina (Abarzúa and Moreno, 2008; Whitlock et al., 2006) . At multi-millennial scales, the records from Lago Melli (Chile) and Lago Mosquito (Argentina), show high fire activity in the early Holocene, in keeping with the SSA pattern for sites south of 35°S. In contrast, Lago el Trébol (Argentina) records highest fire activity after 6 cal ka BP. A shift from canopy fires to surface fires (inferred by increasing grass charcoal %) is noted east of the Andes at ~7.8 cal ka BP (Lago Mosquito) and 6.8 cal ka BP (Lago el Trébol), suggesting wetter conditions. This change in fire regime coincides with lower fire activity (Lago Melli) and a multimillennial expansion of cold-resistant North Patagonian trees on the Pacific side of the Andes (e.g., the Eucryphia-Caldcluvia/Podocarpaceae Index (ECPI) from Lago Condorito; Moreno, 2004) . The regional patterns and individual site-based reconstructions suggest a shift to increased fires after 3.5 cal ka BP at many sites as well as more spatial heterogeneity in the occurrence of fire. The onset and subsequent intensification of ENSO at ~6 and ~3 cal ka BP, may explain these fire patterns. In addition, charcoal records suggest that fire activity peaked during the Medieval Climate Anomaly (1-0.8 cal ka BP) and then declined, in concert with a weakening of ENSO activity after ~1 cal ka BP (Fig. 2b) .
Fire scar records
On shorter timescales, tree-ring-based fire-history networks from the Lake District of Argentina suggest widespread fire occurrence in the last 2-4 centuries as a result of human activity, and tropical and high-latitude climate drivers (Kitzberger and Veblen, 1997; Veblen et al., 1999) . For example, large/synchronous fire events are related to winter-spring droughts of the late stages of strong La Niña events or hot summers following late-developing El Niño events. In the Araucaria-Nothofagus forests of the western Andes (~39°S), positive ENSO phases are followed by warm dry summers and years of high fire activity (González and Veblen, 2006) . Multidecadal variations of the Summer Trans-Polar Index, a measure of the circumpolar vortex strength and eccentricity (Villalba et al., 1997) , influence long-term variations in fire occurrence (Fig. 1) . Fire histories from 42-48°S, based on the long-lived conifer Pilgerodendron uviferum, document the pervasive role of both ENSO and SAM in this cool-maritime hyperhumid sector of SSA (Holz, 2009; Holz and Veblen, 2009) . Fire-history research is currently focused on coastal areas (49-55°S) using P. uviferum, and along the eastern Andean flank using Nothofagus pumilio and Austrocedrus chilensis (43) (44) (45) (46) (47) (48) (49) (50) (51) (52) .
Outlook
Large gaps in our understanding of paleofires in SSA during and since the LGM suggest four directions for future investigation: (i) better calibration and crossvalidation of fire-scarred tree-ring records, high-resolution charcoal data, and documentary information; (ii) geographic expansion of the high-resolution paleofire network (charcoal and fire scars) in the region; (iii) time series analysis on multiple high-resolution charcoal records to enable reconstruction of centennial-scale climate Science Highlights: Paleofire ; black lines) from (C) Laguna el Trébol (Whitlock et al., 2006) , (D) Lago Mosquito (Whitlock et al., 2006), and (E) Lago Melli (Abarzúa and Moreno, 2008 (Whitlock et al., 2006); and (F) and the period of high fire activity during the last 3.5 ka.
and fire variability at the landscape level; and (iv) studies of the climatic and non-climatic interactions that lead to fire-regime changes under different climatic and landuse scenarios.
Data
The charcoal and tree-ring derived fire history data has been submitted to the International Multiproxy Paleofire Database (NOAA, NCDC; http://www.ncdc.noaa.gov/paleo/impd/paleofire.html)
